1. Two aspects of nerve-muscle development were studied in neonatal rats, the role of competition between motor neurones during the elimination of polyneuronal innervation, and the dependence of muscle fibre production upon the number of motor neurones innervating the muscle.
INTRODUCTION
At birth, rat skeletal muscle fibres are polyneuronally innervated; that is, each fibre receives synaptic inputs from several different motor neurones. During the ensuing 2-3 weeks, synapses are eliminated to produce the adult pattern in which each muscle fibre is innervated by a single motor neurone (Redfern, 1970) . The mechanisms controlling this elimination of synapses are not well understood. Random elimination is ruled out as the only explanation on the grounds that such a process could not produce a muscle in which each fibre ultimately received one and only one synaptic input (Brown, Jansen & Van Essen, 1976) . A plausible alternative expla- 0022-3751/80/8380-0271 $07.50 © 1980 The Physiological Society W. J. BETZ AND OTHERS nation is that synaptic inputs interact competitively to gain sole input to a muscle fibre. However, it has been reported that, after partial denervation of the neonatal soleus muscle, motor unit size (the number of muscle fibres innervated by a motor neurone) decreased more than would be expected solely on the basis of competition between the remaining motor units (two to sixteen in number); that is, some synapses were withdrawn by a mechanism intrinsic to the motor neurone. Thus, it was suggested that two mechanisms, namely intrinsic withdrawal and competitive elimination of synapses, guide the post-natal development of soleus muscle (Brown et al. 1976 ; Thompson & Jansen, 1977) . The relative importance of the two mechanisms was difficult to assess quantitatively, largely because the partially denervated soleus muscles always contained more than one motor unit, so that at least a portion of the observed reduction in motor unit size could be attributed to elimination by competition.
The present study was undertaken to determine more precisely the contributions of intrinsic withdrawal and competitive elimination in the maturation of nervemuscle synapses. The preparation, a rat lumbrical muscle (Betz, Caldwell & Ribchester, 1979) , was especially well suited for such a study, since it was possible (in about one fourth of the cases) to cut all but one of the motor axons innervating the muscle at birth. The single remaining motor unit then could mature in the total absence of competitive influences from other motor neurones. Thus, any observed change in motor unit size could be ascribed solely to processes intrinsic to the motor neurones. Twenty-three single motor unit muscles were studied. The estimated mean motor unit size was not significantly different from that at birth, indicating that, in the lumbrical muscle, elimination of polyneuronal innervation is based only upon competition between motor nerves.
In an earlier study (Betz et al. 1979) , it was found that about one third to one half of the adult number of lumbrical muscle fibres are produced post-natally. It was of further interest to determine whether this production depended on motor nerves. The results show that, in muscles partially denervated at birth, the number of muscle fibres subsequently produced depended upon the number of remaining motor units. The results could be fitted with reasonable quantitative accuracy by a simple model.
METHODS
The experiments described in this paper were carried out using the fourth deep lumbrical muscle of the rat, which receives motor innervation from axons in both the lateral plantar nerve and the sural nerve.
The techniques of muscle tension recording and histological measurements were the same as described earlier (Betz et al. 1979) . Two additional procedures were incorporated in the present paper. Operations were performed bilaterally on fifty-three rats 0-2 days after birth. The animals were anaesthetized with ether, and a small incision was made on the medial side of the ankle, exposing the lateral and medial plantar nerves. Both nerves were cut. The muscles were examined 4-5 weeks later. The nerves did not regenerate, judged by the appearance of the nerve under a dissecting microscope and by testing with stimulation proximal to the cut. The number of remaining motor units was determined from recordings of twitch tensions, evoked by graded nerve stimulation. Four partially denervated muscles were stained with zinc iodide and osmium (Akert & Sandri, 1968; Jansen & Van Essen, 1975) in order to examine the morphology of motor nerve endings.
PARTIAL DENERVATION EFFECTS
Calculations of the number of innervated fibres. The numbers of innervated and denervated muscle fibres were estimated from histograms of muscle fibre diameter distributions. An iterative procedure was used, in which each bin of the histogram, starting with the largest, was addressed separately. The fibres in each bin were partitioned into denervated or innervated classes according to criteria described below. The procedure was based on the assumption that denervated fibres in partially denervated muscles had the same diameter distribution as fibres in totally denervated muscles. The calculations were based on three measurements: (i) the average distribution of muscle fibre diameters in totally denervated muscles, (ii) the distribution of muscle fibre diameters in the experimental muscle and (iii) the total number, N, of muscle fibres in the experimental muscle.
For the first iteration, an upper limit was estimated for the total number of denervated fibres (nd) in the experimental muscle. In practice this was taken to be the total number of fibres in the muscle. This was used to construct, bin by bin, a hypothetical histogram of denervated fibre diameters. For each bin (x) in the histogram, the hypothetical number of denervated fibres present (D.) was calculated: D. = nd.p1, where p1 = the fraction of all fibres in bin x of the histogram from the totally denervated muscles. If the calculated value of D. was less than the number of fibres actually present in the bin, the remainder (I.) was identified as innervated muscle fibres. After all bins had been addressed, the total number of innervated fibres (estimated from this iteration) was given simply by EIs.
The entire procedure was then repeated, this time with a new estimate of nd. This new value was simply the total number of fibres in the muscle minus the number of innervated fibres identified in the previous iteration (NIX). Successive iterations added fewer innervated fibres to the total, and the total number asymptotically approached a constant value. In practice, the procedure was ended when the estimates from successive iterations differed by less than one percent.
In some experimental muscles, the amount of atrophy of the denervated fibres was not the same as that in the average of the totally denervated muscles. In such cases, the iterative procedure described above led to a bimodal distribution of the diameters of the innervated fibres. In every case, the additional peak was in the range of the smallest diameter fibres. These fibres probably were not in fact innervated; more likely, the iterative procedure had failed to 'extract' them from the histogram along with other denervated fibres. These fibres were not included in the estimates of the number of innervated fibres. Their inclusion would boost the mean motor unit size by about ten percent. This difficulty occurred only with histograms from certain individual muscles. When the procedure was applied to the average histogram from all twenty-three muscles, the result was in good agreement with the mean obtained by treating each muscle individually (see Results).
RESULTS
Number of motor units in mature partially denervated muscles. Muscles were partially denervated 0-2 days after birth by cutting the lateral plantar nerve. At the time of the final experiment (4-5 weeks later), none of the severed nerves showed signs of regeneration; muscles were either totally denervated or received 1-8 inputs from the sural nerve. The distributions of the number of sural motor units in control and experimental muscles are Jhown in Fig. 1 The histograms in Fig. 1 , while not significantly different statistically, are not precisely superimposable. In control muscles, no sural nerves contained more than five motor units, while in eight partially denervated animals six to eight sural motor units were observed. This raises the possibility that, at birth, the muscle might contain a few more motor units than in the adult, and that some are lost through a process of post-natal neuronal cell death normally, but not in 267 partially denervated muscles. Romanes (1946) suggested on the basis of histological observations that some post-natal cell death occurred in the mouse, but Brown et al. (1976) found that newborn rat soleus muscle received the same number of motor units as the adult. Their experiments involved recording twitch tensions in response to stimulation of teased ventral root filaments.
Motor unit size One of the major aims of this study was to determine the motor unit size (i.e. the number of muscle fibres innervated by a motor axon) in muscles innervated by only one motor axon after partial denervation. The results described below suggest that the single remaining motor unit maintained its expanded neonatal size.
Persistence of denervated muscle fibres. In sixteen muscles, there was no tension generated in response to nerve stimulation; these muscles had been completely deprived of their motor innervation. Nevertheless, they generated tension with a characteristically slow time course upon direct stimulation ( Fig. 2A) , and muscle fibres, though atrophied, were clearly visible histologically (P1. 1 B).
In twenty-three muscles, tension recordings revealed a single motor unit innervating the muscle. The tension produced by nerve stimulation was about one half that produced by direct muscle stimulation, suggesting that the muscle contained de-268 PARTIAL DENERVATION EFFECTS nervated as well as innervated fibres (Fig. 2B) motor units. Representative histograms from individual muscles are shown in Fig. 3 . From top to bottom, muscles with fewer motor units are shown, ending with a histogram from a totally denervated muscle. The changes in the shapes of the histograms can be explained by assuming that, with fewer motor units, increasing numbers of denervated, atrophied muscle fibres resulted and that the remaining innervated muscle fibres hypertrophied. This interpretation is analysed quantitatively below.
Single motor unit muscles. One of the histograms shown in Fig. 3 is from a muscle which had one remaining motor unit. It seems reasonable to suppose that the largest, hypertrophied fibres were innervated and that the smallest, atrophied fibres were denervated (PI. 2). However, while there is a suggestion of a bimodal distribution in 269 W. J. BETZ AND OTHERS the histogram, there is not a total separation of the two types. About half of the histograms from single motor unit muscles showed a bimodal distribution in fibre size; the distributions of the remaining muscles were skewed but essentially uni- modal. The average histogram from all twenty-three muscles is shown in Fig. 4 .
To estimate the number ofinnervated and denervated muscle fibres in these muscles, a special procedure was adopted. It is described briefly here, and in detail in Methods. from the single motor unit muscle histogram. These were identified as denervated fibres. The remaining fibres were identified as innervated. Fig. 4 , which is the average histogram of all twenty-three muscles, shows how the histogram was partitioned. The number of innervated fibres (shaded area) was 117. When this procedure was applied separately to each of the twenty-three single motor unit muscles, the resulting distribution (Fig. 5 ) of the motor unit size was similar to that of the neonatal muscle. The similarity between both the means and the distributions of motor unit size suggests that 4-5 weeks after partial denervation the motor unit size has neither shrunk nor expanded. The failure to sprout is interesting since there were many denervated fibres available for innervation.
Tension recordings lent further support to the validity of this procedure. In totally denervated muscles, the average direct tension produced was 450 mg, and the average number of muscle fibres counted histologically was about 600. Thus, each fibre produced 0 75 mg tension. In single motor unit muscles, the difference between direct and indirect tension was taken as a measure of the tension produced by the denervated fibres. This averaged 350 mg. The mean number of denervated fibres in these muscles was 441 (estimated by the partitioning procedure). This gives a value 271 W. J. BETZ AND OTHERS of 0-79 mg as the average tension per denervated fibre, which is in good agreement with the value obtained directly and independently from totally denervated muscles.
The tension measurements support the assumption that denervated muscle fibres in partially denervated muscles behave like those in totally denervated muscles. Unfortunately, it is not true that innervated fibres in partially denervated muscles behave like those in control muscles. In particular, it has been reported that contractility of hypertrophied fibres is less than that of controls (Lesch, Parmley, Hamosh, Kaufman & Sonnenblick, 1968) . In the present study, results of comparisons between indirect tension and estimates of cross-sectional areas of innervated fibres were consistent with this. For instance, the average indirect tension in single motor unit muscles was about three times the average motor unit tension in control muscles. The estimated cross-sectional area of the innervated fibres in single motor unit muscles was about four times the average area of control motor units. This suggests that the contractility of the experimental motor units was about three-fourths of that of control motor units. This is in good agreement with Lesch et al. (1968) , who showed that contractility of overloaded muscle fibres was 70-85 % of normal.
In muscles with more than one remaining motor unit, the partitioning procedure was less useful than it was for single motor unit muscles. This resulted primarily from the fact that the degree of hypertrophy decreased in muscles with more than one motor unit, thereby narrowing the range of muscle fibre sizes, and hence reducing the sensitivity of the partitioning procedure. The method was applied to several muscles with two or three remaining motor units, and it appeared that motor unit sizes were not significantly different than those in single motor unit muscles.
In summary, the number of innervated muscle fibres in single motor unit muscles was estimated to be 117. This is about the same as the estimated average size of motor units at the time of partial denervation (122), and is significantly greater 272 PARTIAL DENERVATION EFFECTS (P < 0.005) than the normal adult size of 87 (Betz et al. 1979) . Thus it appears that a single motor unit maintains its expanded size in the absence of competing motor neuroses.
Number of muscle fibres Counts of the total number of muscle fibres provided additional information about the maturation of partially denervated muscles. Fig. 6A shows the relationship between the total number of muscle fibres in muscles 4-5 weeks of age which bad been partially denervated at birth (ordinate) and the number of remaining motor units (abscissa). The lines in the figure are based on a model described below.
Total denervation. In muscles with no remaining axons, the average number of muscle fibres was 595 (Fig. 6A) . This is about the same as the average number estimated to have existed at birth (512 muscle fibres).
These two values are not quite significantly different (P = 0.06). The difference between the two means (eighty-three muscle fibres) is similar to the number of muscle fibres produced in about a day in normal neonates (see Fig. 6 , Betz et al. 1979) . If the difference is in fact real, it suggests that the effect of denervation is delayed; that is, the muscles may have continued to produce new muscle fibres for about a day after the operation. Since the nerve was cut a considerable distance from the muscle, there might have been a residual trophic effect which persisted for some hours. Similar effects have been postulated in adult denervated muscle (Luco & Eyzaguirre, 1955; Harris & Thesleff, 1972; Uchitel & Robbins, 1978) .
While the results suggest that total denervation arrested the post-natal production of muscle fibres, an alternative explanation is that the muscles may have produced the full number of fibres even in the absence of innervation, but that these fibres subsequently atrophied and disappeared (before the age of 4 weeks). To test this, counts were made on eight totally denervated muscles (and their contralateral controls) from rats of different ages. Results are shown in Fig. 6B , where the number of muscle fibres in each denervated muscle is expressed as a percentage of its contralateral control (ordinate). The continuous line (derived from Fig. 6 of Betz et al. 1979) shows the relationship expected if muscles fail to produce new muscle fibres after denervation at birth. The agreement with this prediction is reasonably good, and it seems clear that the post-natal production of muscle fibres depends upon the presence of a nerve supply.
Returning to Fig. 6A , one can also see that muscles with eight motor units produced as many muscle fibres as controls with eleven or twelve motor units. This suggests that there is an upper limit to the number of muscle fibres that can be produced post-natally and that this number is reached with less than the normal number of motor units.
The results described so far were used to construct a quantitative model of motor unit and muscle fibre development. The value of one parameter (described below) was unknown and the lines in Fig. 6A show the extreme limits of the model. The known features are as follows. (1) PARTIAL DENERVATION EFFECTS Brown et al. (1976) reported the same result for partially denervated rat soleus muscle.) (3) Muscles contain about 600 muscle fibres at the time of the partial denervation operation. (4) So long as muscle fibres axe available for innervation, motor neurones form new synapses as others are eliminated from polyneuronally innervated fibres. This is based on observations of development of normal lumbrical muscles (Betz et al. 1979) . In other words, motor neurones attempt to maintain their neonatal motor unit size (about 120). For instance, in a mature partially denervated muscle with eight motor units and 960 singly innervated muscle fibres, each motor neurone could be accommodated with its neonatal motor unit size (120 x 8 = 960).
Finally, one condition is not known; this concerns the target for new nerve contacts. That is, new synapses might be made on newly produced muscle fibres (as in normal development) or on denervated muscle fibres (i.e. those present at birth, but denervated by the operation). The continuous line in Fig. 6A is based on the assumption that new synapses are made only on new muscle fibres (i.e. denervated fibres remained denervated). The dashed line is based on the other assumption, namely that all denervated fibres become reinnervated before any new muscle fibres are produced. The calculations are described below. The continuous line is clearly the better fit, but a more important point perhaps is that data from a number of different kinds of experiments can be accommodated in a fairly simple model of post-natal nerve and muscle development.
A model of motor. unit and muscle fibre development. The following calculations were used to construct the model described above and illustrated in Fig. 6A . Conditions for the model were: the muscle contains 600 muscle fibres, and each motor neurone innervates 120 muscle fibres at the time of the partial denervation operation. Polyneuronal innervation is subsequently eliminated. Simultaneously motor neurones make new synapses in an attempt to maintain their motor unit size. Finally there is an upper limit (= 938) to the number of muscle fibres in a mature muscle. There are two potential targets available for newly formed synapses, namely (1) fibres denervated by the operation and (2) newly produced muscle fibres. These are treated separately.
(1) Suppose new synapses are made preferentially on denervated muscle fibres, and that no new muscle fibres are produced until all existing fibres are innervated. This gives the dashed line in Fig. 6A . In muscles with five or fewer motor units, no new fibres will be produced, since a muscle with 600 singly innervated fibres can accommodate five motor units, each innervating 120 fibres. For each motor unit added beyond five, 120 new muscle fibres must be produced, until the maximum is reached (see Fig. 6A , dashed line).
(2) Suppose new synapses are made preferentially on newly formed muscle fibres (i.e. denervated fibres remain so). This gives the continuous line in Fig. 6A . The number of muscle fibres added post-natally is equal to the number of 'redundant' synapses that exist immediately after the operation. Redundant synapses are those lost as polyneuronal innervation is eliminated. The number of redundant synapses is equal to the total number of synapses minus the number of innervated fibres immediately after the operation. The total number of synapses in simply 120 n, where n = number of remaining motor units. The number of remaining innervated fibres was calculated from the hypergeometric distribution:
where Pd = fraction of fibres denervated (= 1-fraction innervated), u = number of motor units before partial denervation (= 12), 8 = average number of synapses per muscle fibre before the partial denervation (= 2.4), and n = number of motor units remaining after partial denervation. Since 8 is a fraction, its factorial is undefined. Thus, the calculation was performed at flanking integers, and a weighted mean was used. That is, it was assumed s = 3-0 for 40 % 275 of the fibres and s = 2*0 for the rest. Thus the total number of muscle fibres predicted = 600 + 120 n -600(1 -Pd). This method assumes that synapses are distributed as evenly as possible on muscle fibres. Essentially identical results are obtained assuming that synapses are distributed randomly. In this case, the fraction of fibres denervated follows a binomial distribution: Pd = (1 -120/600)n. However, adjustments must be made, since this method predicts incorrectly that even in a normal muscle (n = 12) some fibres (forty-one in the case at hand) are denervated.
In summary, in totally denervated muscles, no muscle fibres were produced postnatally, while the full number of fibres was produced in muscles with only two thirds the full number of motor units.
Zinc iodide/osmium staining. Four mature muscles, partially denervated at birth, were stained with zinc iodide and osmium tetroxide (Akert & Sandri, 1968) . Motor nerve terminals were examined in order to investigate the possibility that intrinsic withdrawal might have occurred and then have been masked by subsequent sprouting. The muscles were teased into bundles of five to ten fibres and 50-100 terminals were examined in each muscle. No ultraterminal sprouts were seen in any of the muscles. This observation implies that no sprouting was occurring at the time of the final experiment. In three of the muscles the appearance of the end-plates was entirely normal. In the fourth muscle, of seventy-six terminals examined, several appeared to arise from short collateral branches. The branches were clearly myelinated. In addition, twenty eight terminals received more than one pre-terminal branch from the same axon. Over-all, the appearance was quite unlike that seen in partially denervated adult muscle, in which many ultraterminal sprouts are visible and the collateral nerve branches are either thinly myelinated or completely unmyelinated (M. C. Brown & R. Ironton, 1978 ; our unpublished observations).
DISCUSSION
The experiments described in this paper involved a study of rat lumbrical muscles which had been partially denervated at birth. There are two results of special interest. One concerns nerve-nerve interactions (competition between motor neurones) and the other concerns nerve-muscle interactions (the dependence of muscle fibre production on the number of remaining motor units).
Competition between motor neurones. Elimination of polyneuronal innervation during development of the rat has been demonstrated in soleus muscle (Brown et al. 1976; Thompson & Jansen, 1977) and diaphragm muscle (Redfern, 1970; Bennett & Pettigrew, 1974) , in the submandibular ganglion (Lichtman, 1977) and in the cerebellum (Crepel, Mariani & Delhaye-Bouchaud, 1976) . Some of the details of the elimination are different in these tissues; nevertheless, the phenomenon seems to be a general one and the factors responsible for this elimination are of interest. Two mechanisms have been proposed based on experiments by Brown et al. (1976) and Thompson & Jansen (1977) who studied the development of motor units in rat soleus muscle. They found that, in muscles partially denervated at 1-5 days, motor unit size subsequently decreased almost to the normal adult value. They suggested that, in addition to a competitive mechanism of elimination, many synapses were withdrawn by a mechanism intrinsic to the individual motor neurones. The relative 276 PARTIAL DENERVATION EFFECTS contributions of the two mechanisms are difficult to assess quantitatively, since the partially denervated soleus muscle always contained more than one remaining motor unit, so that some reduction of motor unit size by competition would be expected.
In the present experiments twenty-three mature muscles with a single remaining motor unit were studied, and the average motor unit size was 117, which is not significantly different from the normal size at birth (122; Betz et al. 1979) . The simplest explanation of this result is that the isolated motor units maintained their expanded neonatal size, and did not decrease to the normal adult level (about eighty-five). This suggests that the normal post-natal reduction in motor unit size depends entirely on competition between motor units. This conclusion is different from that proposed by Brown et al. (1976) and Thompson & Jansen (1977) . However, the present experiments were performed on 4-5 week old animals, and it is conceivable that motor unit size may have reversibly changed at earlier post-natal times. For instance, the units might have become smaller (intrinsic withdrawal) and then larger (sprouting). However, if this did occur, the sprouting was not by way of terminal sprouts, since none were observed in zinc iodide osmium stained preparations. Moreover, while some abnormal terminals were seen in these preparations (see Results), the great majority were of uniform size and maturity. Thus it seems more reasonable to conclude that only competition operates in the lumbrical muscle.
This difference in results between soleus and lumbrical muscles is one of several clear differences between the two muscles. For instance, muscle fibres denervated at birth disappear entirely in 4-5 weeks in soleus (Brown et al. 1976 ), but persist in the lumbrical muscle; motor unit expansion at birth is apparently much greater in soleus (3-5 times the normal adult size) than in the lumbrical (1*4-fold greater); there is apparently little post-natal production of muscle fibres in the soleus (Thompson & Jansen, 1977) , but much in the lumbrical. It seems reasonable to add the phenomenon of intrinsic withdrawal to this list of differences.
The mechanism of competition is unknown. There is some evidence that electrical activity in the nerve and muscle may be important. A change in the overall activity has been shown to alter the rate of synapse elimination. Decreased activity in the rat (Benoit & Changeux, 1978; Thompson, Kuffler & Jansen, 1979) and chick (Srihari & Vrbova, 1978) delays the elimination of multiple innervation; increased activity leads to an acceleration of elimination in the neonatal rat (O'Brien, Ostberg & Vrbova, 1978) . Although these experiments clearly show an effect on the rate of elimination, they of course cannot show whether the level of nerve activity affects the final outcome, in terms of which terminals persist and which are eliminated. This problem could be addressed by differentially affecting the activity of the motor axons to the muscle, rather than by increasing or decreasing the activity of the entire nerve.
A trophic effect of motor nerves on the number of muscle fibres. In addition to competitive interaction between motor nerves, there is also an interaction between the motor nerves and developing muscle fibres. It is well known that the normal development of a muscle depends upon its nerve supply (see Jacobson, 1978 , for review). The results described in this paper extend this observation to a quantitative level. The number of muscle fibres produced post-natally depended in a consistent 277 W. J. BETZ AND OTHERS fashion upon the number of remaining motor units. In totally denervated muscles, the number of muscle fibres remained at the level which existed at the time of the operation (about 600). In partially denervated muscles, additional muscle fibres were produced post-natally, and the full number of muscle fibres (about 950) was present in muscles with only eight motor units (normal is eleven or twelve motor units). In other words, there was an upper limit to the number of muscle fibres produced post-natally; regardless of the number of nerves present, no more than about 950 muscle fibres (total) could be produced. Thus, the post-natal role of motor nerves is permissive, rather than instructive, in that they promote production of muscle fibres within a limit established independently at an earlier time (i.e. pre-natally). The mechanism governing this upper limit to the number of muscle fibres is unknown. Perhaps myoblasts are instructed earlier in development as to the number of divisions they can undergo before withdrawing from the mitotic cycle to fuse with other muscle fibre precursors (cf. Church, 1970) . Such a mechanism could determine a maximum number of muscle fibres in adult muscle. The source of such an instruction also is unknown. Conceivably, it could depend on the number of nerve axons which first reach the muscle primordium.
The relationship between the number of muscle fibres and the number of remaining motor units was fitted with reasonable accuracy by a simple model (Fig. 6A) . The model is based on the observations that there is an upper limit (about 950) to the number of muscle fibres, and that polyneuronal innervation is eliminated. In addition, the assumption is made that, subject to these two basic constraints, motor units attempt to maintain their neonatal size (about 120) by inducing the formation of (and innervating) new muscle fibres as they lose synapses on other fibres. The assumption, in other words, is that motor units in partially denervated muscles behave like those in normal muscle. The model predicts that motor unit size remains at the expanded neonatal level in all mature muscles with up to eight remaining motor units. With more than eight motor axons, motor unit size must decrease, because no further muscle fibres are produced.
In summary, the work described in this paper extends the observations made previously on normal development of rat lumbrical muscles (Betz et al. 1979) . At birth muscle fibres are polyneuronally innervated, and during post-natal development nerve terminals are eliminated by a mechanism which depends entirely on competition between motor units. The post-natal addition of new muscle fibres depends, within a limit established before birth, on the number of motor axons innervating the muscle.
